This study was done to minimize excessive growth and root mat formation which is a problem during preparation of seedlings in sweet pepper (Capsicum annuum L.) 
INTRODUCTION
Sweet pepper (Capsicum annuum L.) is an important vegetable crop in Korea. Most Korean vegetable nurseries use plastic plug trays for seedling production. Plastic plug trays have numerous production and marketing advantages but a major problem is root mat formation. After transplanting, roots continue to follow circular growth while slowly expanding radially into the soil. The eventual result is a weakened plant with increased mortality, that is clearly unsuitable for sale (Arnold and Young, 1991; Beeson and Newton,1992) . A major problem with conventional seedling production in plastic plug trays includes root spiraling and roots egressing into the nursery beds. It results in seedlings with deformed, damaged or poorly developed root systems that can decrease survival and growth of transplanted plants (Stein, 1978) . However, nursery techniques that produce well-developed fibrous root systems contribute to overall improved seedling survival and growth (Devey, 1984; Struve, 1993) . Since the 1960s, chemical root pruning with copper has been used in forestry and ornamental nurseries (Beeson and Newton, 1992; Saul, 1968) . Struve et al. (1994) demonstrated that copper hydroxide was effective in controlling root spiraling in plastic containers. Hudson et al. (2002) also mentioned that chemical root pruning involves treating the interior container wall with a growth inhibiting chemical i.e. copper hydroxide. This causes the lateral roots to be chemically pruned at the container wall and a well branched root system occurs, which enhances transplant establishment (Hudson et al. 2002) . Similarly, Yeoung et al. (2001) found the optimum concentration of copper for coating plug trays to prevent root circling and to promote growth of sweet pepper appeared to be 10% (v/v) copper. However, the high concentration coating induced serious damage to root structure, resulting in delayed root growth in field after transplanting.
Cu and Co were the best heavy metals for inducing root pruning, while at the same time, minimally affecting subsequent shoot growth (Backer et al., 1995) . Approximately 70 elements are classified as heavy metals based on the classical definition of a specific gravity of greater than 5 g cm-3. Currently, however, the term heavy metals is restricted to elements commonly considered as pollutants (De Filippis and Pallaghy, 1994) . In using potentially toxic chemicals (like heavy metals) to try to control root growth in containers, there is the danger of releasing heavy metals into the environment. There is ample evidence that all of the heavy metals used pose a danger to the environment. The general order of toxicity of these metals in the environment is Sr<Co<Zn<Cu<Ni<Pb (Shaw, 1989) . Therefore, a commonly available nonpolluting chemical root pruning technique is required to solve this problem. NaCl is one of the essential salts for human beings, is abundant in nature, and poses little risk to the environment when used in small quantities. Therefore, the objectives of this study were to evaluate whether sea salt (NaCl) coating on plastic plug trays minimizes root mat (root circling and moving upward formation, whether it enhances seedling growth after transplanting, and to determine the optimum concentration of NaCl coating
MATERIALS AND METHODS
This experiment was carried out at the Deep Sea Water Research Farm, Hwacheon. The experiment was conducted in greenhouse nursery beds using plastic plug trays (54 cm in length and 28 cm in width) which contained 32 plugs. Seedlings were later transplanted on plastic pots (20 cm in diameter and 16 cm in height; 4.0 L in volume) filled with sandy soil where water and fertilizer was applied through drip irrigation system.
NACL COATING TREATMENTS
The wall of the plug trays were coated on the interior with nontoxic water based latex carrier paint containing sea salt (NaCl); 0%, 1%, 3%, 5%, 7%, 10% and 15% (w/v) ( Fig.1) . There was also an uncoated control. Hybrid CV. 'Sonik' seeds were sown one per plug filled with horticulture soil (Sangtho, Seminis Korea) on nursery bed under greenhouse in December 2007. Greenhouse temperature ranged from 18 to 25 °C. The experiment was laid out using a completely randomized design with 3 replications and 8 treatments. Fig.1 : Inner wall of plastic plug tray coated with NaCl by dissolving 1 g, 3 g, 5 g, 7 g, 10 g, and 15 g in 100 ml latex-based paint. Seedlings were grown in these plugs filled with horticulture soil.
ROOT AND SHOOT GROWTH MEASUREMENT
Growth responses of seedlings such as plant height, fresh weight and dry weight of above ground parts and roots were observed at 7 days intervals from 28 days after sowing (DAS) to 42 DAS. Thirty-five day old seedlings were transplanted to plastic pots for evaluation of growth potential, after which the same parameters were observed: plant height, fresh and dry weight of above-ground parts and roots were recorded on 35 days after transplanting (DAT). Plant height was measured from soil surface to its tip of the shoot. Root length determinations were made by removing seedlings carefully from the plug cell, gently washing the root system in water, and determining root length from soil surface to the tip of the taproot. Fresh weight was taken just after cutting the shoot and roots separately. The fresh samples were dried until dry weight stabilized to determine dry weights. Shoot:
root ratio was calculated from the dry weight of shoots and roots, respectively. All results represent the means of 12 individual plants per treatment per replication.
The collected data were analyzed using Fisher's analysis of variance under completely randomized design (CRD) with MSTATC software program; the treatments means were compared by Duncan multiple range test (DMRT) at 0.05 probability level (Steel and Torri, 1984) .
RESULTS AND DISCUSSIONS

ROOT AND SHOOT GROWTH OF SEEDLINGS IN PLASTIC PLUG TRAYS
Plant height was measured on 28, 35, and 42 DAS. In all these observations, NaCl significantly reduced the plant height (Table 1) . At 28 DAS, significant height reduction was only observed with the 15% NaCl treatment, but for later harvest dates, significant effects were observed for lower NaCl concentrations also. At 35 DAS, NaCl concentrations greater than 1% showed growth inhibition; at 42 DAS, more than 5% NaCl showed significant growth inhibition. Therefore, NaCl affected root growth whenever root tips came in contact with the NaCl coat and root growth was reduced. As the reduced roots could not absorb as much nutrients from the soil, plant height was reduced accordingly. Hence, the tallest seedlings were obtained in the 0% NaCl treatment on all observation days (Table 1) . Root length was measured at 28 DAS and 42 DAS but there was no significant effect of NaCl. However, as dose of NaCl concentration increased, root mat formation was decreased after (Fig.2) . Observation of root mat formation on the side and bottom of the plug cell showed that first root mat formation took place in the bottom of the plug close to the drainage hole and later on the side wall, and it spread as the seedling age becoming older. At 28 DAS, no root mat formation was observed. However, on 35 DAS, ≥1% NaCl minimized bottom mat formation whereas ≥5% NaCl eliminated side mat formation. Likewise, at 42 DAS, ≥3% NaCl minimized side mat formation (only 25% of seedlings had side mat) and 10% to 15% NaCl showed no side root mat formation (Fig.2) .
The NaCl treatments did not significantly affect fresh weight of shoots and roots at 28 DAS (Table 2) . At 35 DAS, all NaCl treatments significantly reduced the shoot fresh weights, e.g. the 7% NaCl treatment and control had 4.58 g and 6.63 g, respectively (Table 2) . Likewise, at 42 DAS, ≥7% NaCl significantly reduced the shoot fresh weight, indicating that NaCl had decreased both plant height and shoot fresh weight (Table 2) . At 35 DAS, all NaCl treatments significantly lowered the root fresh weight compared to the 0% control. The 7% NaCl treatment had 9% less fresh weight as compared to the control, whereas at 42 DAS ≥3% NaCl significantly reduced fresh weights. The reduced root weights corresponded with reduced shoot fresh weights because at 35 DAS, most of the NaCl treatments significantly reduced both root and shoot fresh weights. Hence, the treatment effects were most apparent between 28 to 42 DAS. Similarly, on 42 DAS, all NaCl-containing treatments reduced root fresh weights, whereas differences were significant for 5% and >7% NaCl. As the percentage of root mats was higher for the control and 0% NaCl, fresh root weights for these two treatments were also higher. When shoots were dried at 28 DAS and 42 DAS, no significant differences in dry weights were noticed. With regard to percentage dry matter, NaCl-treated seedlings had higher percentage dry matter content as compared to the control (Fig.3) . This verified that NaCltreated seedlings contained less water (%). On 35 DAS, all the NaCl treated seedlings had less dry matter weight as compared to controls. The difference between the control and 7% NaCl was 250 mg (Table 3) in shoot dry weight. However, the effects of NaCl on reduced root dry weight were significant across all harvest dates. The reductions in root dry weights were not significant for NaCl treatments <7% on dates 28 DAS and 42 DAS. However, ≥7% NaCl treated seedlings had significantly lowered dry root weight as compared to control. On 35 DAS, 7% NaCl gave 132 mg whereas control had 231 mg (Table 3 ) (incomplete sentence). 
SHOOT AND ROOT GROWTH OF SEEDLINGS AFTER TRANSPLANTING
Thirty five day old seedlings from the experiment were transplanted into pots and root and shoot growth observations were taken at 35 DAT. There were no significant differences in height between control and NaCl-treated plants except for reduced height in the 15% NaCl treatment. The plant height of 33.2 cm for 7% NaCl was at par to control (33.7 cm) ( Table  4 ). The starting height at transplanting of these seedlings from NaCl coated plugs were significantly shorter than control seedlings for all except 1% NaCl treatment. The 7% NaCl treated seedlings were shorter by 2.4 cm than control (Table 1) at transplanting. However, at 35 DAT no differences in height were observed. However, increments of plant height by 35 DAT were higher in treatments from >1% NaCl treated seedlings. Therefore, NaCl coating of seedling trays did not show adverse effects on post-transplanting height. Similarly, no significant differences were observed in root length among treated and untreated plants by 35 DAT. However, seedlings from 5% NaCl had the longest root length (28.1 cm) followed by 3% NaCl (27.2 cm), whereas control had roots of 25.3 cm (Table 4) . Before transplanting, most of the NaCl treatment seedlings had shorter roots. The incremental growth of roots at 35 DAT was higher in 3%, 5%, 7% and 10% NaCl treated seedlings as compared to control (8.2 cm). It showed that after transplanting, roots from NaCl-treated plug trays grew faster than those from the control. No significant difference was observed in above-ground fresh weights at 35 DAT between NaCl and control treatments except for the 15% NaCl treatment. Plants from 7% NaCl had the highest above ground fresh weight (35.1 g) followed by 10% NaCl (34.2 g), whereas the control had 32.8 g. At the time of transplanting (35 DAS), all seedlings from NaCl treatments had significantly lower shoot fresh weights, but at 35 DAT, 7% and 10% NaCl had higher shoot fresh weights as compared to control (Table 4 ). The growth increment in shoot fresh weights at 35 DAT was higher in 3%, 5%, 7% and 10% NaCl-treated seedlings as compared to control (Fig.5) . Hence, NaCl treated seedlings gave faster growth rate after transplanting. Similarly, no significant differences were noticed in root fresh weights, but 7% NaCl treatment gave the highest root fresh weight compared to the control (Table 4) . At the time of transplanting (35 DAS), the control treatment had the highest root fresh weight. The root mat formation in control seedlings may not have been favorable for subsequent active growth of the roots after transplanting. Likewise, when fresh above ground parts and roots were dried on 35 DAT, no significant differences were noticed between treated and non-treated seedlings. However, the highest above ground dry weights were obtained from 7% NaCl (3.51 g) followed by 10% NaCl (3.44 g) treatments, whereas control plants were 3.36 g (Table 4 ). Non-treated seedlings were lower in shoot root ratio as compared to treated seedlings (Fig.4) . Incremental growth of shoot dry weights at 35 DAT was higher in 3%, 5%, 7% and 10% NaCl-treated seedlings as compared to the control (Fig.5) , even though at the time of transplanting (35 DAS), plants from control had significantly higher dry weight. Similarly, among the seedlings from NaCl-coated trays, 7% NaCl gave the highest root dry weights (0.85 g) whereas the control had 0.78 g (Table 4 ). Incremental growth in root dry weights at 35 DAT were higher in 3%, 5%, 7% and 10% NaCl-treated seedlings as compared to control (Fig.5) . Hence, after transplanting, NaCl coated seedlings showed better performance and faster growth rate.
CONCLUSIONS
On the basis of the above-mentioned results, it can be concluded that; even though before transplanting, untreated seedlings were taller and had longer root length, significantly higher fresh and dry weight of shoot and root, after transplanting, seedlings from NaClcoated trays showed better performance with taller plants, longer roots, higher fresh and dry weights of shoots and roots. The 7% NaCl treatment gave the best performance among the treatments. Therefore, the optimum concentration of NaCl in latex plug tray coating to minimize root mat formation and optimize post-transplanting growth appeared to be 7% (w/v) NaCl.
